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ABSTRACT
A BAND SELECTING UHF CLASS-AB GaN POWER
AMPLIFIER WITH 40 dBm OUTPUT POWER
Sinan Alemdar
M.S. in Electrical and Electronics Engineering
Supervisor: Prof. Dr. Abdullah Atalar
July, 2013
Ultra High Frequency (UHF) band is used for GSM communication, satellite
systems, television broadcast, frequency hopping radios, software defined radios
using advanced digital modulations. Each and every application would require
various specifications and these modern applications require various frequency
bands. In this work, a band selecting uhf class-ab GaN power amplifier with 40
dBm output power is built using a GaN-HEMT transistors and PIN diodes. The
power amplifier can be tuned in 1350MHz–2700MHz one-octave frqeuency band,
has a maximum gain of 17dB, and a maximum saturated output power of 41
dBm.
Keywords: Tunable Amplifier, Power Amplifier, Gallium Nitride Transistor, PIN
Diode.
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O¨ZET
BANT SEC¸EBI˙LEN UHF AB-SINIFI GaN 40dBm C¸IKIS¸
GU¨C¸LU¨ GU¨C¸ YU¨KSELTECI˙
Sinan Alemdar
Elektrik ve Elektronik Mu¨hendislig˘i, Yu¨ksek Lisans
Tez Yo¨neticisi: Prof. Dr. Abdullah Atalar
Temmuz, 2013
UHF bandı, GSM haberles¸me, uydu haberles¸me, televizyon yayını, frekans at-
layan radyolar, ileri modu¨lasyon teknikleri kullanan radyolar tarafından kul-
lanılan bir banttır. Her uygulamanın kendine has o¨zellikleri, bununla beraber
gerekleri vardır ve gu¨nu¨mu¨zdeki modern uygulamalar, c¸es¸itli frekans bantlarının
birarada kullanılmasıyla hayata gec¸mektedir. Bu c¸alıs¸mada bant sec¸ebilen uhf ab-
sınıfı GaN 40dBm c¸ıkıs¸ gu¨c¸lu¨ gu¨c¸ yu¨kselteci tasarlanms¸ ve u¨retilmis¸tir. Bu su¨rec¸te
Galyum Nitrat transisto¨rler ve PIN diyotlar kullanılmıs¸tır. Gu¨c¸ yu¨kselteci,
1350MHz-2700MHz bir-oktav frekans bandınında ayarlanabilmekte, 17dB maksi-
mum kazanca sahip olmakta ve satu¨re gu¨c¸ c¸ıkıs¸ı olarak 41dBm verebilmektedir.
Anahtar so¨zcu¨kler : Elektriksel Olarak Ayarlanabilir Yu¨kseltec¸, Gu¨c¸ Yu¨kselteci,
Galyum Nitrat Transisto¨r, PIN Diyot.
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Chapter 1
Introduction
Ultra High Frequency (UHF) covers the frequency range of electromagnetic waves
between 300MHz and 3 GHz. Most known applications in these frequencies are
television broadcast, GSM communication, global positioning systems, ISM band
applications and software defined radio applications using advanced digital mod-
ulation techniques. Above 1 GHz, link budget of these systems are dominated by
antenna systems and RF front end performance. Power amplifiers have a cruical
role in these chains between the transmitting RF blocks and transmitting antenna.
Power amplifiers are expected to deliver as much power as possible while creating
minimum distortion, having a good linearity performance and being efficient.
There are several techniques for building power amplifiers. In solid state elec-
tronics, Gallium-nitride power transistor (GaN HEMT) has matured dramatically
over the last few years. GaN HEMT devices offer high power densities, high effi-
ciency operations . With shorter gate lengths GaN HEMTs are targeting higher
frequency telecom and aerospace applications.[1]
RF and microwave switches are used for many purposes such as signal routing,
transmission line routing, channel selection or redundancy. This can be achieved
by electromechanical or solid-state switches. These two switch types offer several
advantages against each other. These switches allow implementation of various
switching matrices and applications.
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RF front-end applications require various frequency bands and different re-
quirements. Usually, this is achieved by combining several tuned amplifiers which
increase the cost or introduce attenuation for matching in exchange for gain or
use varactors which are lossy[2]. The replacement of fixed frequency band circuits
with tunable ones will save space and cost in many applications.
In this thesis, a band selecting UHF class-AB GaN power amplifier with 40
dBm output power is built. The frequency range is from 1.35GHz to 2.7GHz.
Low loss RF switches and different matching circuits are used to change the
frequency band. Switches and switching networks are designed separately, and
then integrated with the power amplifier. By changing states of RF switches,
the operating frequency band of the power amplifier is changed. As a result
combination narrow frequency bands cover one-octave band.
2
Chapter 2
Background
2.1 Power Amplifier Definition
RF Power Amplifiers are one of the RF front-end devices which have direct in-
terface with antennas. The main purpose of an RF power amplifier is to deliver
as much power as possible to the antenna while satisfying certain conditions such
as linearity, efficiency, bandwidth, low return loss at the input, high gain, high
repeatability and low cost.
Figure 2.1: General Power Amplifier Topology
Power amplifiers are designed in two different ways. First way is to use the
3
transistor as a linear amplifier where the output is proportional to the input. The
second way is to use the transistor as a switch by overdriving its input. Linear
amplifier classes are A, B, AB, C and biasing conditions of a linear amplifier
determines the class of that amplifier. According to the class of a power amplifier,
the conduction angle changes. As the conduction angle reduces, the efficiency of
a power amplifier increases but its linearity decreases. Regarding requirements of
an application, linearity and efficiency specifications, a suitable power amplifier
is chosen.[4]
Class A amplifiers are the most linear amplifiers because the transistor is al-
ways ON in this class of operation. Its conduction angle is 360o and therefore
whole input cycle is conducted. Class B amplifiers conducts only half of the input
cycle and their conduction angle is 180o. Class C amplifiers’ conduction angle
are less than 180o and these amplifiers are very efficient. Class AB amplifiers are
compromise between class A and class B and these amplifiers conducts signal be-
tween angles 180o and 360o. Class AB amplifiers are less efficient when compared
to class C and B but they are more efficient than class A amplifiers.[4]
Since a power amplifier operates with large signals, non-linear behaviour of a
power amplifier has to be considered during the design process. As the output
power of a power amplifier increases, its gain starts to compress. P1dB stands
for the output power of an amplifier when its gain is 1dB compressed. Unwanted
components in frequency spectrum are also a measure for a power amplifier’s
linearity specification. When two signals with different frequencies are applied
to the input of a power amplifier, sum and difference products caused by inter-
modulation and their harmonics appears at the output. Third order intercept
point IP3 is generally used for representing the linearity of an amplifier and it
indicates the ratio of the fundamental output power and the third order inter-
modulation products’ power. Spectral regrowth is often observed when power
amplifiers amplify modulated signals with a certain bandwidth.[2]
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2.2 GaN Amplifiers
In a power amplifier, the power transistor is the key component and all of the de-
sign is made according to its properties and characteristics. Usually in industry,
there are two types of power amplifiers; travelling wave tube amplifiers (TWTA)
and solid-state power amplifiers (SSPA). These two possess several advantages
against each other. While TWTAs offers high power output and no memory ef-
fects, SSPAs offer better linearity, higher reliability, low-cost and repeatability.[1]
In this thesis, a solid-state power amplifier is built using gallium nitride high-
electron-mobility-transistor (GaN HEMT). GaN HEMT devices offer high power
density, high break-down voltage and therefore offering more efficient amplifiers.
With shorter gate lengths, GaN HEMTS are addressing high frequency telecom
and aerospace applications.[1]
2.3 Tunable Amplifiers
The next generation radio links requires tunable or reconfigurable devices for
multifunctional RF systems. Instead of using fixed frequency band components,
tunable components would save space and cost. Using tunable components in
matching networks, filters, is the primary way to do it. In order to do this kind
of tuning there are two major ways: switching and using variable components.
[7]
One of the ways for implementing a tunable matching circuit is to use a varac-
tor. For this purpose, barium-stronium-titanate (BST) varactors are presented.
Of course, the varactor’s tuning range dominates the tunability of the whole
amplifier. BST varactors have excellent tunability, reliability and operating volt-
age characteristics but they have low quality factors as the operating frequency
goes higher[8]. Generally, matching circuits are L-type where a series inductor or
transmission line is followed by a shunt capacitance. As the capacitance of the
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varactor varies, the center frequency of the matching also changes. However, var-
actors create non-linearity because their equations that models it are non-linear.
Therefore, it creates nonlinearities and causes intermodulation products. The
equation is a follows:[6]
CBST =
Co − Cf
2 cosh(2
3
ar sinh( 2V
V1/2
))− 1 + Cf
Where Co is the capacitance at V=0,Cf is the fringing capaticance and V1/2
is the voltage where C(V1/2) = Co/2 and CBST is the capacitance of varactor.
Another way for implementing a tunable amplifier is to introduce different tun-
ing circuits with RF switches. RF microelectromechanical systems(RF-MEMS)
are a good way to realize reconfigurable microwave passive components. It is
possible to use RF-MEMS in input or output matching circuits. RF-MEMS are
usually used to increase or decrease the length of transmission lines. [9]
2.4 Stability
By definition, stability is the ability of an amplifier to maintain effectiveness
in its nominal operating characteristics despite any other conditions. In a two
port network, if one of the input reflection coefficient, ΓIN , or output reflection
coefficient, ΓOUT , is greater than unity
|ΓIN | > 1
or
|ΓOUT | > 1
The reflected signal’s power from one port is greater than incident signal’s power.
This creates a negative resistance condition, in other words instability. Stability
can be investigated analytically or using stability circles on the Smith chart. In
this work, stability is investigated using stability circles on the Smith chart and
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then verified analytically using two-parameter test criterion(K-∆ Test.[2]
K =
1− |s11|2 − |s22|2 + |∆|2
2|s12s21|
and
∆ = s11s22 − s12s21
If an amplifier is unconditionally stable the following two equations should
hold:
K > 1
|∆| < 1
Normally, to make an amplifier stable, a loss should be introduced. This is
achieved by putting a resistor at the input or output. However, using resistors at
the output is not preferable in power amplifiers because it reduces the maximum
output power.
2.5 RF switches
2.5.1 RF switch definition
RF switches are used for routing a high frequency signal through different paths.
Switches are used to create test points, multiplexing signal, creating redundancy,
etc. These switches are widely used in microwave applications such as phased ar-
ray radar systems, satellite communication systems and microwave measurement
systems. RF switches are implemented in two different ways; solid state switching
and mechanical switching. Different types of implementation results with differ-
ent advantages. It is important to specify the requirements for an application
before choosing a switch. For an RF switch, there are several important param-
eters such as frequency range, insertion loss, isolation, switching speed, power
handling, operating life, return loss and repeatability. It is also an important
parameter for an RF switch whether it is reflective or absorptive switch.
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2.5.2 Electromechanical Switching
Electromechanical switching does the operation of switching due to the principle
of the theory of electromagnetic induction. The motion of the mechanical con-
tact is the switching mechanism. Electromechanical switches are basically slow
operating switches but they can handle high power. They have low insertion loss
and good return losses. They have a limited operating life.
2.5.3 Solid state Switching
Solid state switching is based on semiconductor technology. They are imple-
mented either with PIN (positive-intrinsic-negative) diodes or FETs (Field Effect
Transistor) depending on the required specification. Solid state switching has its
advantages and disadvantages. They have high insertion loss, good return loss
and good isolation. Their switching speed is fast, but power handling capacity is
low. They have a long operating life.[5]
2.5.3.1 Pin Diode Switches
The PIN diode consists of a high resistive intrinsic section (I) between p-type and
an n-type section. They operate as a variable resistor at high frequencies. It is a
current controlled device and it can be used for attenuating, levelling, switching
or even for amplitude modulation. Its small physical size is a great advantage
because they have very low capacitances, high switching speed and low package
parasitics [11]
The switching speed of a PIN diode switch depends on the capacitance of
PIN diode. The thickness of the intrinsic section of the PIN diode determines
the capacitance. Switching speed is dependent on minority carrier lifetime where
positive and negative charges recombine in the intrinsic section when the forward
bias current is suddenly removed. [10]
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2.5.3.2 RF Switch Configurations
RF switches are generally notated as n-pole m-throw. It can be described as
a switch that connects n-poles to m different states. For example, a single-
pole single-throw (SPST) switch connects or disconnects its two ports. It can be
implemented in two different ways; series SPST switch or parallel SPST switch. In
these configurations, the maximum isolation depends on the diode’s capacitance.
The insertion loss and power dissipation depend on diode’s series resistance when
forward biased.
RF switches can be reflective or absorptive switches. In reflective switches,
if the switch is off, the incident wave reflects back. However, if the switch is
absorptive, the incident wave is either passed, or absorbed.
2.6 Simulation Techniques Used
To accomplish a complete power amplifier design, one must know advanced sim-
ulation techniques. In this thesis, all simulations are made using the software
”Agilent Advance Design System(ADS)” by Agilent.
2.6.1 Small Signal S-Parameters Simulations
S-Parameters (Scattering Parameters) are used to characterize high frequency
RF/microwave devices in N-port networks. S-Parameters provide a complete
characterization of any N-port network when small level of signal is applied to
ports of the N-port network. [2]
Most of the components may have a generic s-parameter which only gives
information about functionality. But nowadays, each company provide S-
parameters for their products, such as transistors, amplifiers, filters, even for
capacitors and resistors to include all effects. S-parameters come in touchstone
format which have a file extension .s2p.
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2.6.2 Harmonic Balance Simulations
Harmonic balance simulation is a frequency-domain analysis technique for under-
standing the behaviour of non-linear circuits in steady-state[12]. Especially for
power amplifiers where large signals are applied to ports, harmonic balance sim-
ulation is an important tool for estimating several parameters. With harmonic
balance simulation, inter-modulation distortions, load-pull analyses, amplifiers
compression points can be estimated. In order to perform a harmonic balance
simulation of a power amplifier, it is necessary to a have non-linear model of the
transistor to be used.
2.6.3 Load-pull simulations
According to maximum power transfer theorem, for linear networks, impedance
of load should be conjugately matched to the source; however, we cannot use this
approach in power amplifiers. In order to achieve the maximum power output,
a power transistor should be matched to a specific impedance. Using harmonic
balance simulation and the non-linear model of a transistor, an optimum matching
impedance can be found. Load-pull contours and tuner tools in simulation helps
this process to be achieved practically.[3]
2.6.4 Linearity and intermodulation simulations
Operating an amplifier under large signal conditions causes distortions and har-
monics to appear. In this simulation, a two tone linearity test is applied to the
input of the power amplifier, f1 and f2. At the output of the power ampli-
fier many harmonics appear, but two harmonics, 2f1− f2 and 2f2− f1 appear
closest to f1 and f2. Using the amplitudes of these harmonic components, a
theoretical intercept point is derived and it is called third order intermodulation
distortion.[2]. Third-order two-tone intermodulation products (2f1 − f2) and
(2f2 − f1) have a significant role on the upper limit on the dynamic range or
bandwidth of the amplifier.[2]
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Chapter 3
Design and Simulation Results
3.1 General Design of the Tunable Power Am-
plifier
For an amplifier to be tunable, there has to be one or more changing parameters
in the circuit. These parameters are going to change input or output matching
of the circuit; and hence, change the operating frequency of the matching circuit.
In this work, tuning operation is done by switches on the input side. Each switch
has a matching circuit for a certain frequency band. Number of switches will
determine the frequency coverage of the amplifier. According to the application,
frequency bands can be chosen. These switches should be low loss and have good
isolation. In this thesis, the main objective is to build a tunable power amplifier
that can deliver 10W and that can work from 1.35 GHz to 2.7 GHz.
Switching should be fast and controllable by a digital electronics interface. In
order to achieve this kind of switching, RF PIN diodes are used. PIN diodes are
not only low loss RF switches, but they can also do the switching operation very
fast, in the orders of nanoseconds. Fig. 3.1 shows the proposed architecture of
the tunable amplifier in this work.
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Figure 3.1: Tunable Amplifier Topology
3.2 Design of Low Loss PIN Diode Switch
In this work, MACOM’s ”MA4AGBLP912, AlGaAs Beamlead PIN Diode” is
used. It has low series resistance and low capacitance. Therefore, its loss is low
and it can switch very fast. It is specified that it has a 5ns switching time.
To make an RF switch with this PIN diode, first thing to do is to provide a
proper bias for this diode. Note that, once PIN diode is ON, it acts like a short
circuit at high frequencies and once it is turned OFF, it acts like an open circuit
at high frequencies. In the data sheet of this diode, it says that it operates at a
forward voltage of VON 1.35V and forward current of idiode 10mA. To satisfy this,
there has to be a resistance to provide an operating point, and limit the current
flow through the diode. Consider the circuit shown in Fig. 3.2.
Figure 3.2: Diode Bias
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The desired operating point of the diode is idiode = 10mA and VON = 1.35V .
The supply voltage Vdc = 3.3V . The required resistance value is found by the
relation:
Vdc = idiode ∗R1 + VON
R1 =
Vdc − VON
idiode
Plugging in the values:
R1 = 200Ω
We plug this resistor value and Spice model of the PIN diode in ADS and
carried out a transient simulation. At t = 2ns, supply voltage turns on and at
t = 7ns the diode turns on with the desired operating conditions.
Figure 3.3: Transient simulation results of biasing of pin diode
The diode bias has to be arranged such that it can operate in a high frequency
circuit. Supply lines of diodes should be isolated from the RF parts of the circuit.
So λ/4 transmission lines , which converts short circuit to open circuit, should be
placed and the voltage supply should be decoupled with several capacitor. The
RF switch looks like in Fig. 3.4.
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Figure 3.4: SPST RF switch architecture
3.3 Design of Switching Matrix
A single switch architecture is built and more than one switches have to be
used together, sometimes more than one are ON. Combining each individual RF
switch as mentioned before may result in a huge circuit. To satisfy both DC bias
conditions and RF conditions, switch network in Fig. 3.5 is proposed.
Figure 3.5: RF switch network
Each switch circuit is connected to RF by a single diode. If the diode turns
ON, the matching circuit behind the diode will operate and λ/4 transmission
line will isolate the biasing. The common RF line will be DC grounded, therefore
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creating a path for diodes’ DC current to flow, and DC ground will also be isolated
with λ/4 transmission line. RF line’s DC is isolated from the input port and
transistor’s DC bias by DC Block capacitors. During RF design, S-parameters of
these diodes are used because Spice model of these diodes are insufficient.
3.4 Biasing and Stabilizing the RF Power Tran-
sistor
In this work, as RF Power Transistor, Cree CGH 40010F GaN (Gallium Nitride
High Electron Mobility Transistor) is used. It is an unmatched, general purpose
10 Watts transistor. The amplifier will operate at class AB. The suggested bias
for class AB is VGATE = −2.73V , VDRAIN = 28V and iDRAIN = 200mA.
Figure 3.6: Biasing of the RF Power Transistor
Biasing transmission lines, TL59 and TL113 on the schematic in Fig 3.5, are
λ/4 transmission lines and they transform AC short circuit to AC open circuit. If
the biasing lines’ characteristic impedance are higher, circuit sees a better open
circuit. The width of the transmission line basically determines the characteristic
impedance of that transmission line and as the width goes down, the characteristic
impedance goes up. There is a limit of course, if the current passing through
these lines are high, a significant loss occurs due to DC resistance of copper lines.
Therefore, biasing lines’ characteristic impedance is not 50Ω but 75Ω which is a
compromise for showing good open circuit and providing a low loss bias line.
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For stabilizing the transistor, the stability circle method is used at the source
side. Stabilization test should be carried out on a large range of frequency values
because oscillation may occur at any frequency. The simulated stability circles
are as shown in Fig 3.7 for a biased transistor at frequencies from 100MHz to
6GHz.
Figure 3.7: Source stability circles for an unstabilized unmatched transistor
A series resistor is needed to stabilize this transistor. On the other hand, this
resistor will decrease gain. A parallel capacitor to this series resistor can be used
in order to increase the gain in higher frequencies. So, stabilization circuit is a
parallel RC circuit in series with the transistor. In the gate biasing section, there
is a 47Ω resistor because the transistor needs to see a resistance at low frequencies
where there is no gain required.
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Figure 3.8: Combined biasing and stabilization circuit
The transistor is unconditionally stable now and Fig. 3.9 shows the new source
stability circle and K factor graph.
Figure 3.9: Source stability circles and K-factor graph for the stabilized RF
transistor
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3.5 Design of the Output Matching Circuit
Output matching is the most crucial part in power amplifier design. Output
matching determines maximum output power, P1dB and linearity specifications
of the power amplifier. Normally, conjugate match is done in order to achieve
maximum power transfer and good return loss. However, in order to get as
much power as possible from the transistor, power matching is done. The power
matching has its own drawbacks such as reduced gain.
To do power matching, a tuner is used. Tuner basically scans all impedances
and records the output power. Highest output power and its impedance can be
observed by load-pull contours on the Smith chart. This can be achieved with
simulation programs, if a non linear model of the transistor is provided. Load
pull contours for several frequencies simulated by ADS are given in Fig. 3.10.
Figure 3.10: Load-pull contours for several frequencies
Scale for load-pull contours are where the center is approximately 42dBm
and contours are seperated by 0.1 dB. From 2700MHz to 1350MHz, there is a
movement in the optimum load impedance at the direction of series inductance
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and a matching that needs to follow this impedance needs to be implemented.
The corresponding matching network is as follows: an open stub, followed by
another open stub and short stub. Once the input matching is done, the output
matching should be reconsidered. This version is the revised version and after
three recursions, matching shown in Fig. 3.11 becomes satisfying.
Figure 3.11: Output matching of the RF Power Transistor for one-octave
(1350MHz 2700MHz) band
3.6 Design of Each Input Matching Circuit
The following graphs and matching circuits are for the revised version. On the
input side, conjugate matching will be implemented in order to maximize gain
and reduce input return loss. In order to cover 1.35 GHz to 2.7 GHz, there will
be 6 different input matching circuits, each covering different frequency bands.
According to the behaviour of the S11, a series transmission line and a shunt
capacitor is enough to achieve matching.
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After the PIN diode switch, a shunt capacitor is needed and a standard value
is chosen. For fine tuning, a series transmission line is added. After the shunt
capacitor, λ/4 transmission line that is valid for the center frequency of that
matching circuit is added. The bandwidth of the matching circuit is determined
by maximum return loss of -12dB. S11 of the unmatched transistor is shown in
Fig. 3.12.
Figure 3.12: s11 response of the unmatched transistor along the frequency band
1.35GHz - 2.7GHz
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Matching circuit 1:
Matching circuit 1 operates in the frequency range of 2.52 GHz to 2.7 GHz.
It uses a shunt capacitor of 1 pF
Figure 3.13: Implementation of the 1st matching circuit and s11 result while the
1st switch is ON
Matching circuit 2:
Matching circuit 2 operates in the frequency range of 2.3 GHz to 2.52 GHz.
It uses a shunt capacitor of 1.2 pF
Figure 3.14: Implementation of the 2nd matching circuit and s11 result while the
2nd switch is ON
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Matching circuit 3:
Matching circuit 3 operates in the frequency range of 1.95 GHz to 2.15 GHz.
It uses a shunt capacitor of 1.5 pF
Figure 3.15: Implementation of the 3rd matching circuit and s11 result while the
3rd switch is ON
Matching circuit 4:
Matching circuit 4 operates in the frequency range of 1.74 GHz to 1.88 GHz.
It uses a shunt capacitor of 1.5 pF
Figure 3.16: Implementation of the 4th matching circuit and s11 result while the
4th switch is ON
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Matching circuit 5:
Matching circuit 5 operates in the frequency range of 1.52 GHz to 1.65 GHz.
It uses a shunt capacitor of 2.2 pF
Figure 3.17: Implementation of the 5th matching circuit and s11 result while the
5th switch is ON
Matching circuit 6:
Matching circuit 6 operates in the frequency range of 1.35 GHz to 1.46 GHz.
It uses a shunt capacitor of 3.3 pF
Figure 3.18: Implementation of the 6th matching circuit and s11 result while the
6th switch is ON
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3.6.1 Combining Switches
The center frequency of each matching circuit is chosen such that when they are
combined, the center frequency of matching shifts to another frequency. There-
fore, the number of matching circuits can be reduced. This can be achieved by
a little mismatch in each matching circuit. This mismatch not only increases the
bandwidth of each matching circuit, but also center frequency shifts when they
are combined. In Fig. 3.19, we can see the matching circuit 1, matching circuit
2 and 1 and 2 combined.
Matching circuit 1 and matching circuit 2 combined:
Figure 3.19: Individual s11 responses of matching circuit 1 and matching circuit
2
Figure 3.20: s11 result while matching circuit 1 and matching circuit 2 is ON
Matching circuit 1 operates : 2.7 GHz 2.52 GHz
Matching circuit 2 operates : 2.52 GHz 2.3 GHz
Combination of 1 and 2 operates : 2.34 GHz 2.15GHz
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Matching circuit 2 and matching circuit 3 combined:
Figure 3.21: Individual s11 responses of matching circuit 2 and matching circuit
3
Figure 3.22: s11 result while matching circuit 2 and matching circuit 3 is ON
Matching circuit 2 operates : 2.52 GHz 2.3 GHz
Matching circuit 3 operates : 2.15 GHz 1.95 GHz
Combination of 2 and 3 operates : 2.09 GHz 1.92 GHz
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Matching circuit 3 and matching circuit 4 combined:
Figure 3.23: Individual s11 responses of matching circuit 3 and matching circuit
4
Figure 3.24: s11 result while matching circuit 3 and matching circuit 4 is ON
Matching circuit 3 operates : 2.15 GHz 1.95 GHz
Matching circuit 4 operates : 1.88 GHz 1.74 GHz
Combination of 3 and 4 operates : 1.83 GHz 1.69 GHz
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Matching circuit 4 and matching circuit 5 combined:
Figure 3.25: Individual s11 responses of matching circuit 4 and matching circuit
5
Figure 3.26: s11 result while matching circuit 4 and matching circuit 5 is ON
Matching circuit 4 operates : 1.88 GHz 1.74 GHz
Matching circuit 5 operates : 1.65 GHz 1.52 GHz
Combination of 4 and 5 operates : 1.59 GHz 1.48 GHz
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Matching circuit 5 and matching circuit 6 combined:
Figure 3.27: Individual s11 responses of matching circuit 5 and matching circuit
6
Figure 3.28: s11 result while matching circuit 5 and matching circuit 6 is ON
Matching circuit 5 operates : 1.65 GHz 1.52 GHz
Matching circuit 6 operates : 1.46 GHz 1.35 GHz
Combination of 5 and 6 operates : 1.38 GHz 1.31 GHz
To sum up, the matching circuit n and the matching circuit n+1 operates in
certain frequency bands. Combination of them also operates in another frequency
range. So, the matching circuit n+2 is tuned such that its coverage do not
intersect with combination of n and n+1. This is how each matching circuit’s
center frequency is chosen. Therefore, the number of switches is reduced.
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3.7 Overview of the whole tuning
Each switch and each matching circuit is designed. Matching circuits center
frequencies and their combinations are also planned. The complete scheme of the
tuning operation from 1.35GHz to 2.7GHz is shown in Fig. 3.29 and Fig. 3.30.
Figure 3.29: The overall s11 response of the amplifier showing frequency coverage
of every switch and every combination mentioned in previous sections.
Figure 3.30: The overall s21 response of the amplifier showing frequency coverage
of every switch and every combination mentioned in previous sections.
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3.8 Gain Compression, P1dB, Saturated Out-
put Power and Efficiency
An amplifier behaves differently when it is driven with higher levels of input.
S-parameters is an analysis technique for small-signal where the input stimulus is
not comparable with the bias voltages. When the amplifier is driven with higher
input amplitudes, its gain decreases and harmonic distortion occur. The point
where the gain is 1 dB smaller than its expected linear value is called P1dB. The
point where the gain is 3 dB smaller than its expected value is called P3dB. Power
Amplifier’s maximum output power is called Saturated Output Power, PSAT . The
efficiency is defined as the ratio of the the output power to the DC power con-
sumption. These types of non-linear specifications are simulated with harmonic
balance simulation. The simulated values for several frequencies are shown in
Fig. 3.31. When linearity decreases, the efficiency of the amplifier increases and
it can be observed from the efficiency vs. output power graph.
(a) @1800MHz (b) @2400MHz
Figure 3.31: Gain Compression and Efficiency vs Output Power at several fre-
quencies
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3.9 Final Design and Printed Circuit Board
Layout
The PCB has been designed in Altium PCB Designer. The material used is
Rogers 4003c with 20mil thickness. The transistor is screwed to the base plate in
order to reduce thermal resistance. Therefore a jig has been designed, the PCB
and transistor is mounted on top of the jig. The rest of the circuit consists of PIN
diodes and capacitors. In order to overcome the parasitic effects, the position of
PIN diodes and tuning capacitors have tolerances. Final circuit design is shown
in Fig. 3.33 and PCB layout is as shown in Fig 3.32.
Figure 3.32: Layout of the PCB
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Figure 3.33: Final Design
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Chapter 4
Measurement Results and
Comparison
4.1 Measurement Preparations and Setup
The circuit is designed and its PCB is produced and assembled as shown in
Fig. 4.1. The PCB has a gap in the middle where the power transistor should
be placed. However, the transistor heats up very easily and therefore; a jig is
needed. A jig is an aluminium mechanic part which provides a good test setup
and cooling capacity. The transistor and the PCB is screwed to the jig. The jig
also provides ground for the circuit.
Figure 4.1: Assembled PCB mounted on the jig, ready for the test
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4.1.1 S-parameters Measurement Setup
S-parameters measurement is done with Agilent E5071C network analyzer. The
stimulus’ power is -10dBm so that the amplifier is working in its linear region
and also power amplifier’s output wont harm the port of network analyser.
Figure 4.2: S-parameter measurement setup
4.1.2 Non-Linear Measurement Setup
Non-linear measurements are done to characterize the amplifier’s large signal
response. These measurements aim to find the amplifier’s P1dB, P3dB and OIP3
along the 1-octave frequency band. Used equipments for these measurements are
Agilent E4448A spectrum analyser and Agilent E8257D signal generator.
The challenge for these types of measurements is to provide enough input
power for the amplifier. The signal generator’s maximum output power is not
enough to accomplish this measurement. So an extra driver amplifier is used to
drive our 10W power amplifier. Also, a high power attenuator should be used
to protect the spectrum analyser. The driver amplifier is Minicircuits ZHL-42
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1W amplifier. Since it is also an amplifier, it will show some non-linear effects.
Therefore, its behaviour is characterized for several frequencies along the 1.35
GHz 2.7 GHz band.
In intermodulation measurement, two tone intermodulation measurement is
done. In order to do this type of measurement, two signal generators are used.
Before, doing the intermodulation measurement, one should minimize the inter-
modulation products that are generated in spectrum analyser and signal genera-
tors. To do that, attenuators are used between signal generators and combiner.
This increases the isolation between two signal generators and reduces the inter-
action/mixing of sources. In Fig. 4.3, the picture of the non-linear measurement
setup is shown.
Figure 4.3: Non-linear measurement setup
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4.2 Measurement Results and Comparison with
Simulation Results
The amplifier is first DC biased to 200 mA under the drain voltage of 28 V. The
necessary gate voltage for 200 mA is -2.78 V. All of the PIN diode switches’ DC
conditions are controlled before starting the measurements. They are biased to
10 mA forward current with a voltage of 1.17 V.
4.2.1 S-parameter measurement
S-parameters measurement with network analyser and S-parameters measure-
ment with simulation data is compared in Fig. 4.4. S11, input return loss, is
less than -12dB in most of the band.
(a) Simulated S11 parameter of the ampli-
fier along the one-octave frequency band
(b) Measured S11 parameter of the amplifier
along the one-octave frequency band
Figure 4.4: Comparison of simulated and measured S11 parameters
Colour codes match in graphs a and b. Switches do the matching as expected
and the amplifier can satisfy -12 dB return loss requirement in the worst case in
the band.
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There is no switching in output stage. A wideband power matching is done.
The simulated and measured output return loss is shown Fig. 4.5.
(a) Simulated S22 parameter of the amplifier along the one-octave frequency band
(b) Measured S22 parameter of the amplifier along the one-octave frequency band
Figure 4.5: Comparison of simulated and measured S22 parameters
Measured and simulated output return losses are slightly different from each
other, probably due to the large signal model used in the simulations. Because
of the difference in S22; efficiency, P1dB, Psat values of simulated and measured
datas may also differ.
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As input matching circuits are tuned, the amplifier’s center frequency also
changes. It can be clearly observed from the s21, forward gain . The simulated
and measured s21 results compared in Fig. 4.6. Colour codes match in graphs a
and b and each color represents another frequency band.
(a) Simulated S21 parameter of the amplifier along the one-octave frequency band
(b) Measured S21 parameter of the amplifier along the one-octave frequency band
Figure 4.6: Comparison of simulated and measured S21 parameters
The measured gain seems a slightly higher than expected. From the plots, it
can be said that the amplifier has an overall gain range of 15-17 dB.
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4.2.2 Gain Compression, P1dB ,Saturated Output Power
and Efficiency Comparison
Gain Compression measurement is carried out through several frequency sets be-
tween 1.35 GHz 2.7 GHz. The measurement results are more or less in agreement
with the simulation results. Here are the results. All of the measurements are
done with continuous wave (CW). In Fig 4.7; linear gain, 1dB compressed gain,
3dB compressed gain and efficiency at POUT = 40 dBm compression point can be
observed with respect to the output power.
(a) @1800 MHz (b) @2400
Figure 4.7: Gain and Efficency vs. Output Power Comparison at 1800MHz.,
2000MHz. and 2400 MHz.
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The comparison of simulated and measured P1dB through the one octave band
is shown in Fig. 4.8. The measured and simulated P1dB values are close to each
other in the range of 3dB. Between 1350MHz-1600MHz and 1800MHz-2100MHz,
measured P1dB value is higher and in other frequencies measured P1dB value is
lower.
Figure 4.8: Comparison of simulated and measured P1dB through the one-octave
frequency band
The saturated output power along the one octave band is shown in Fig.
4.9. The measured Psat values in the frequency range of 1350MHz-1700MHz
are higher than simulated Psat values. In other frequency bands, measured and
simulated Psat values are close to each other in the range of 1 dB
Figure 4.9: Comparison of simulated and measured Psat through the one-octave
frequency band
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4.2.3 IP3 measurements
For IP3 measurements, two tone linearity test is carried out. The spacing between
two tones are 10MHz. Fig 4.10 shows the simulated OIP3 and measured OIP3
values. Measured values and simulated values are close to each other in the range
of 2 dB. OIP3 value of an amplifier is generally 10dB higher than the P1dB of
the amplifier. This is also observed in this situation. OIP3 values are between
43dBm - 47dBm.
Figure 4.10: Comparison of simulated and measured OIP3 through the one-octave
frequency band
4.2.4 Summary
Table 4.1 shows the summary of the amplifier. The best and the worst value
along the one-octave band are given in the table.
Specification Simulated Value Measured Value
Overall Gain 17 dB - 13 dB 17 dB - 14 dB
P1dB 34 dBm - 32 dBm 35.5 dBm - 30.5 dBm
Psat 37.5 dBm - 41 dBm 39.8 dBm - 41 dBm
OIP3 44.5 dBm - 47 dBm 43 dBm - 46 dBm
Efficiency at POUT = 40 dBm 60% 50%
Table 4.1: Comparison of simulated and measured results in one table
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Chapter 5
Conclusion
In this thesis, the goal was to design and implement a band selecting UHF class-
AB GaN power amplifier with 40 dBm output power. Tunable amplifiers will play
an important role in industry because they can be used in different applications
with different design specifications. To accomplish this, a one-stage power am-
plifier that uses PIN diode switches for tuning is designed. Used PIN diodes can
switch very rapidly and therefore, the power amplifier can be tuned rapidly which
is required by frequency hopping applications. Because of the tuning, the gain
of the amplifier is increased. By combining more than one switch, new frequency
bands can be utilized and thus, the number of switches is reduced. As a result,
the tunable amplifier can be controlled with a 6-bit digital interface.
The designed amplifier which can cover the frequency band 1350 MHz - 2700
MHz has a maximum gain of 17dB, a maximum P1dB of 34 dBm, a maximum
Psat of 41 dBm and a maximum OIP3 of 47dBm. The implemented amplifier
can also cover the same frequency band and has a maximum gain of 17dB, a
maximum P1dB of 35.5, a maximum Psat of 41dBm and a maximum OIP3 of 46
dBm. The advantages of GaN which are high gain, high bandwidth, high output
power is verified with the measurement results.
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For future work, this tunable amplifier architecture can be optimized such that
frequency band can be covered continuously where in this work, discrete frequency
bands are combined. For a power amplifier, the output matching circuits can also
be tuned such that one can optimize the amplifier for saturated output power,
better efficiency, reduced intermodulation products regarding the modulation etc.
Another challenge for a tunable amplifier is to change the bandwidth of the
operating frequency to avoid the amplification of unwanted signals. With the
improvements of PIN diodes and tunable capacitors, these applications can be
implemented easily. To further optimize the tuning process, a feedback loop can
be constructed to measure the return loss with couplers and power detectors.
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Features 
 
♦ Low Series Resistance 
♦ Low Capacitance 
♦ 5 Nanosecond Switching Speed 
♦ Can be Driven by a Buffered +5V TTL 
♦ Silicon Nitride Passivation 
♦ Polyimide Scratch Protection 
♦ RoHS Compliant 
   
                                                                                                         
Description 
 
M/A-COM Technology Solutions MA4AGBLP912 is an 
Aluminum-Gallium-Arsenide anode enhanced, beam 
lead PIN diode. AlGaAs anodes, which utilize M/A-COM 
Tech’s patented hetero-junction technology, produce 
less diode “On” resistance than conventional GaAs or 
silicon devices. This device is fabricated in a OMCVD 
system using a process optimized for high device     
uniformity and extremely low parasitics. The result is a 
diode with low series resistance, 4Ω, low capacitance, 
28fF, and an extremely fast switching speed of 5nS. It is 
fully passivated with silicon nitride and has an additional 
polymer coating for scratch protection. The protective 
coating prevents damage to the junction and the anode 
air bridges during handling and assembly.   
  
Applications 
 
 
The ultra low capacitance of the MA4AGBLP912       
device makes it ideally suited for use up to 40GHz when 
used in a shunt configuration. The low RC product and 
low profile of the beamlead PIN diode  allows for use in 
microwave switch designs, where low insertion loss and 
high isolation are required. The operating bias           
conditions of +10mA for the low loss state, and 0V, for 
the isolation state permits the use of a simple +5V TTL 
gate driver. AlGaAs, beamlead diodes, can be used in 
switching arrays on radar systems, high speed ECM 
circuits, optical switching networks, instrumentation, and 
other wideband multi-throw switch assemblies.   
Absolute Maximum Ratings @ TAMB = 25°C  
(unless otherwise specified) 
Parameter Absolute Maximum 
Reverse Voltage -50V 
Operating Temperature -65°C to +125°C 
Storage Temperature -65°C to +150°C 
Junction Temperature +175°C 
Forward DC Current 40mA 
C.W. Incident Power  +23dBm  
Mounting Temperature +235°C for 10 seconds 
Topside 
Bottom 
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Electrical Specifications at TAMB = 25°C 
DIM   
INCHES MM 
MIN. MAX. MIN. MAX. 
A 0.009 0.013 0.2286 0.3302 
B 0.0049 0.0089 0.1245 0.2261 
C 0.0037 0.0057 0.0940 0.1448 
D 0.0049 0.0089 0.1245 0.2261 
E 0.002 0.006 0.0508 0.1524 
F 0.0218 0.0278 0.5537 0.70612 
Test Conditions Parameters Units Min Typical Max. 
Total Capacitance @ –5V/1 MHz Ct fF – 26 30 
Forward Resistance @ +20mA/1 GHz Rs Ohms – 4 4.9 
Forward Voltage at +10mA Vf Volts 1.2 1.36 1.5 
Leakage Current at –40 V Ir nA – 50 300 
Minority Carrier Lifetime TL nS – 5 10 
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3 
 
MA4AGBLP912 SPICE Model 
Ffe= 1.0
Af=1.0 
Imax= 0.04 A 
Fc= 0.5 
M= 0.5 
Vj= 1.35 V 
Cj0= 0.022 pF 
Rs(I)= Rc + Rj(I) = 0.10 Ohm + Rj(I) 
Tau= 10 nsec 
Cjmin= 0.020 pF 
Rr= 10 K Ohms 
Wi= 3.0 um 
μe-= 8600 cm^2/V-sec 
Vi=0.0 V 
Is=1.0E-14 A 
wPmax= 100 mW 
wBv= 50 V 
Kf= 0.0 
Rs 
Ct 
Ls = 0.5 
Diode Model 
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Handling and Assembly Procedures 
 
 
The following precautions should be observed to avoid damaging these devices. 
 
Cleanliness 
These devices should be handled in a clean environment.  
 
Static Sensitivity 
Aluminum Gallium Arsenide PIN diodes are Class 0, HBM, ESD sensitive and can be damaged by 
static electricity. Proper ESD techniques should be used when handling these devices. 
 
General Handling 
These devices have a polymer layer which provides scratch protection for the junction area and the 
anode air bridge. Beam lead devices must, however, be handled with extreme care since the leads 
may easily be distorted or broken by the normal pressures exerted when handled with tweezers. A 
vacuum pencil with a #27 tip is recommended for picking and placing.  
 
Attachment 
These devices were designed to be inserted onto hard or soft substrates. Recommended methods 
of attachment include thermo-compression bonding, parallel-gap welding and electrically conductive 
silver epoxy.  
 
 
 Ordering Information  
 
Part Number Packaging 
MA4AGBLP912 Gel Pak 
A.2 CGH40010 Datasheet
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CGH40010
10 W, RF Power GaN HEMT
Cree’s CGH40010 is an unmatched, gallium nitride (GaN) high 
electron mobility transistor (HEMT). The CGH40010, operating 
from a 28 volt rail, offers a general purpose, broadband solution 
to a variety of RF and microwave applications. GaN HEMTs offer 
high efficiency, high gain and wide bandwidth capabilities making 
the CGH40010 ideal for linear and compressed amplifier circuits. 
The transistor is available in both screw-down, flange and solder-
down, pill packages.
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FEATURES
• Up to 6 GHz Operation
• 16 dB Small Signal Gain at 2.0 GHz
• 14 dB Small Signal Gain at 4.0 GHz
• 13 W typical PSAT
• 65 % Efficiency at PSAT
• 28 V Operation
APPLICATIONS
• 2-Way Private Radio
• Broadband Amplifiers
• Cellular Infrastructure
• Test Instrumentation
• Class A, AB, Linear amplifiers suitable 
for OFDM, W-CDMA, EDGE, CDMA 
waveforms
Package Types: 440166, & 440196PN’s: CGH40010F & CGH40010P 
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Absolute Maximum Ratings (not simultaneous) at 25˚C Case Temperature
Parameter Symbol Rating Units Conditions
Drain-Source Voltage VDSS 84 Volts 25˚C
Gate-to-Source Voltage VGS -10, +2 Volts 25˚C
Storage Temperature TSTG -65, +150 ˚C
Operating Junction Temperature TJ 225 ˚C
Maximum Forward Gate Current IGMAX 4.0 mA 25˚C
Maximum Drain Current1 IDMAX 1.5 A 25˚C
Soldering Temperature2 TS 245 ˚C
Screw Torque τ 60 in-oz
Thermal Resistance, Junction to Case3 RθJC 8.0 ˚C/W 85˚C
Case Operating Temperature3,4 TC -40, +150 ˚C 30 seconds
Note:
1 Current limit for long term, reliable operation
2 Refer to the Application Note on soldering at www.cree.com/products/wireless_appnotes.asp
3 Measured for the CGH40010F at PDISS = 14 W.
4 See also, the Power Dissipation De-rating Curve on Page 6.
Electrical Characteristics (TC = 25˚C)
Characteristics Symbol Min. Typ. Max. Units Conditions
DC Characteristics1
Gate Threshold Voltage VGS(th) -3.8 -3.0 -2.3 VDC VDS = 10 V, ID = 3.6 mA
Gate Quiescent Voltage VGS(Q) – -2.7 – VDC VDS = 28 V, ID = 200 mA
Saturated Drain Current IDS 2.9 3.5 – A VDS = 6.0 V, VGS = 2.0 V
Drain-Source Breakdown Voltage VBR 120 – – VDC VGS = -8 V, ID = 3.6 mA
RF Characteristics2 (TC = 25˚C, F0 = 3.7 GHz unless otherwise noted)
Small Signal Gain GSS 12.5 14.5 – dB VDD = 28 V, IDQ = 200 mA
Power Output3 PSAT 10 12.5 – W VDD = 28 V, IDQ = 200 mA
Drain Efficiency4 η 55 65 – % VDD = 28 V, IDQ = 200 mA, PSAT
Output Mismatch Stress VSWR – – 10 : 1 Y
No damage at all phase angles, 
VDD = 28 V, IDQ = 200 mA, 
POUT = 10 W CW
Dynamic Characteristics
Input Capacitance CGS – 4.5 – pF VDS = 28 V, Vgs = -8 V, f = 1 MHz
Output Capacitance CDS – 1.3 – pF VDS = 28 V, Vgs = -8 V, f = 1 MHz
Feedback Capacitance CGD – 0.2 – pF VDS = 28 V, Vgs = -8 V, f = 1 MHz
Notes:
1 Measured on wafer prior to packaging.
2  Measured in CGH40010-TB.
3 PSAT is defined as IG = 0.36 mA.
4 Drain Efficiency = POUT / PDC
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Psat, Gain, and Drain Efficiency vs Frequency of the
CGH40010F in the CGH40010-TB
VDD = 28 V, IDQ = 200 mA
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Typical Performance
Swept CW Data of CGH40010F vs. Output Power with Source 
and Load Impedances Optimized for Drain Efficiency at 2.0 GHz
VDD = 28 V, IDQ = 200 mA
Swept CW Data of CGH40010F vs. Output Power with Source 
and Load Impedances Optimized for Drain Efficiency at 3.6 GHz
VDD = 28 V, IDQ = 200 mA
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Typical Performance
Swept CW Data of CGH40010F vs. Output Power with Source 
and Load Impedances Optimized for P1 Power at 3.6 GHz
VDD = 28 V, IDQ = 200 mA
Simulated Maximum Available Gain and K Factor of the CGH40010F
VDD = 28 V, IDQ = 200 mA
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Swept CW Data of CGH40015F vs. Output Power with Source
and Load Impedances Optimized for P1 Power at 3.6 GHz
VDD = 28 V, IDQ = 200 mA, Freq = 3.6 GHz
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Typical Noise Performance
Simulated Minimum Noise Figure and Noise Resistance vs Frequency of the CGH40010F
VDD = 28 V, IDQ = 100 mA
Electrostatic Discharge (ESD) Classifications
Parameter Symbol Class Test Methodology
Human Body Model HBM 1A > 250 V JEDEC JESD22 A114-D
Charge Device Model CDM 1 < 200 V JEDEC JESD22 C101-C 
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Source and Load Impedances
Frequency (MHz) Z Source Z Load
500 20.2 + j16.18 51.7 + j15.2
1000 8.38 + j9.46 41.4 + j28.5
1500 7.37 + j0 28.15 + j29
2500 3.19 - j4.76 19 + j9.2
3500 3.18 - j13.3 14.6 + j7.46
Note 1. VDD = 28V, IDQ = 200mA in the 440166 package.
Note 2. Optimized for power, gain, PSAT and PAE.
Note 3. When using this device at low frequency, series resistors 
should be used to maintain amplifier stability.
CGH40010 Power Dissipation De-rating Curve
Note 1. Area exceeds Maximum Case Operating Temperature (See Page 2).
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CGH40010-TB Demonstration Amplifier Circuit Bill of Materials
Designator Description Qty
R1,R2 RES,1/16W,0603,1%,0 OHMS 1
R3 RES,1/16W,0603,1%,47 OHMS 1
R4 RES,1/16W,0603,1%,100 OHMS 1
C6 CAP, 470PF, 5%,100V,  0603 1
C17 CAP, 33 UF, 20%, G CASE 1
C16 CAP, 1.0UF, 100V, 10%, X7R, 1210 1
C8 CAP 10UF 16V TANTALUM 1
C14 CAP, 100.0pF, +/-5%, 0603 1
C1 CAP, 0.5pF, +/-0.05pF, 0603 1
C2 CAP, 0.7pF, +/-0.1pF, 0603 1
C10,C11 CAP, 1.0pF, +/-0.1pF, 0603 2
C4,C12 CAP, 10.0pF,+/-5%, 0603 2
C5,C13 CAP, 39pF, +/-5%, 0603 2
C7,C15 CAP,33000PF, 0805,100V, X7R 2
J3,J4 CONN SMA STR PANEL JACK RECP 1
J2 HEADER RT>PLZ.1CEN LK 2 POS 1
J1 HEADER RT>PLZ .1CEN LK 5POS 1
- PCB, RO4350B, Er = 3.48, h = 20 mil 1
Q1 CGH40010F or CGH40010P 1
CGH40010-TB Demonstration Amplifier Circuit
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CGH40010-TB Demonstration Amplifier Circuit Schematic
CGH40010-TB Demonstration Amplifier Circuit Outline
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Typical Package S-Parameters for CGH40010
(Small Signal, VDS = 28 V, IDQ = 100 mA, angle in degrees)
Frequency Mag S11 Ang S11 Mag S21 Ang S21 Mag S12 Ang S12 Mag S22 Ang S22
500 MHz 0.909 -123.34 17.19 108.22 0.027 21.36 0.343 -90.81
600 MHz 0.902 -133.06 14.86 101.82 0.028 15.60 0.329 -98.65
700 MHz 0.897 -140.73 13.04 96.45 0.028 10.87 0.321 -104.84
800 MHz 0.894 -146.96 11.58 91.78 0.029 6.84 0.317 -109.84
900 MHz 0.891 -152.16 10.41 87.61 0.029 3.33 0.316 -113.95
1.0 GHz 0.890 -156.60 9.43 83.82 0.029 0.19 0.318 -117.42
1.1 GHz 0.889 -160.47 8.62 80.31 0.029 -2.66 0.321 -120.40
1.2 GHz 0.888 -163.90 7.93 77.02 0.029 -5.28 0.326 -123.02
1.3 GHz 0.887 -166.99 7.34 73.90 0.029 -7.72 0.332 -125.36
1.4 GHz 0.887 -169.80 6.82 70.92 0.029 -10.01 0.338 -127.51
1.5 GHz 0.887 -172.39 6.38 68.05 0.029 -12.18 0.345 -129.50
1.6 GHz 0.887 -174.80 5.98 65.28 0.028 -14.24 0.353 -131.37
1.7 GHz 0.887 -177.07 5.63 62.59 0.028 -16.21 0.360 -133.15
1.8 GHz 0.887 -179.22 5.32 59.97 0.028 -18.09 0.369 -134.87
1.9 GHz 0.887 178.73 5.04 57.41 0.028 -19.91 0.377 -136.54
2.0 GHz 0.888 176.76 4.78 54.89 0.027 -21.66 0.385 -138.17
2.1 GHz 0.888 174.86 4.55 52.42 0.027 -23.35 0.393 -139.77
2.2 GHz 0.888 173.02 4.34 49.99 0.027 -24.98 0.402 -141.34
2.3 GHz 0.888 171.23 4.15 47.60 0.026 -26.56 0.410 -142.90
2.4 GHz 0.889 169.48 3.97 45.24 0.026 -28.08 0.418 -144.45
2.5 GHz 0.889 167.76 3.81 42.90 0.026 -29.55 0.426 -145.99
2.6 GHz 0.890 166.07 3.66 40.59 0.025 -30.98 0.434 -147.53
2.7 GHz 0.890 164.39 3.53 38.30 0.025 -32.36 0.442 -149.06
2.8 GHz 0.890 162.74 3.40 36.03 0.025 -33.69 0.450 -150.59
2.9 GHz 0.891 161.10 3.28 33.78 0.024 -34.97 0.458 -152.12
3.0 GHz 0.891 159.46 3.17 31.55 0.024 -36.20 0.465 -153.65
3.2 GHz 0.892 156.21 2.97 27.12 0.023 -38.51 0.479 -156.72
3.4 GHz 0.893 152.96 2.79 22.73 0.022 -40.63 0.493 -159.80
3.6 GHz 0.893 149.69 2.64 18.38 0.022 -42.52 0.505 -162.90
3.8 GHz 0.894 146.38 2.50 14.05 0.021 -44.17 0.517 -166.03
4.0 GHz 0.894 143.03 2.38 9.72 0.020 -45.56 0.527 -169.19
4.2 GHz 0.894 139.61 2.28 5.40 0.019 -46.67 0.537 -172.39
4.4 GHz 0.895 136.11 2.18 1.07 0.019 -47.46 0.546 -175.64
4.6 GHz 0.895 132.53 2.09 -3.29 0.018 -47.90 0.554 -178.95
4.8 GHz 0.895 128.85 2.01 -7.68 0.017 -47.96 0.561 177.69
5.0 GHz 0.895 125.06 1.94 -12.10 0.017 -47.61 0.568 174.25
5.2 GHz 0.895 121.15 1.88 -16.58 0.016 -46.84 0.573 170.72
5.4 GHz 0.895 117.11 1.82 -21.12 0.016 -45.67 0.578 167.10
5.6 GHz 0.895 112.94 1.77 -25.73 0.015 -44.12 0.582 163.38
5.8 GHz 0.895 108.62 1.72 -30.42 0.015 -42.30 0.586 159.54
6.0 GHz 0.895 104.15 1.68 -35.20 0.015 -40.33 0.589 155.56
Download this s-parameter file in “.s2p” format at http://www.cree.com/products/wireless_s-parameters.asp
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Typical Package S-Parameters for CGH40010
(Small Signal, VDS = 28 V, IDQ = 200 mA, angle in degrees)
Frequency Mag S11 Ang S11 Mag S21 Ang S21 Mag S12 Ang S12 Mag S22 Ang S22
500 MHz 0.911 -130.62 18.41 105.41 0.022 19.44 0.303 -112.24
600 MHz 0.906 -139.65 15.80 99.47 0.023 14.31 0.299 -119.83
700 MHz 0.902 -146.70 13.80 94.50 0.023 10.17 0.298 -125.50
800 MHz 0.899 -152.41 12.22 90.19 0.023 6.68 0.299 -129.85
900 MHz 0.898 -157.17 10.96 86.34 0.024 3.67 0.302 -133.28
1.0 GHz 0.896 -161.24 9.92 82.82 0.024 0.99 0.305 -136.05
1.1 GHz 0.896 -164.79 9.06 79.56 0.024 -1.41 0.309 -138.34
1.2 GHz 0.895 -167.95 8.33 76.49 0.024 -3.62 0.314 -140.30
1.3 GHz 0.895 -170.80 7.70 73.57 0.023 -5.66 0.320 -142.01
1.4 GHz 0.894 -173.41 7.17 70.78 0.023 -7.56 0.326 -143.54
1.5 GHz 0.894 -175.82 6.70 68.08 0.023 -9.35 0.332 -144.94
1.6 GHz 0.894 -178.09 6.28 65.47 0.023 -11.05 0.338 -146.24
1.7 GHz 0.894 179.78 5.92 62.92 0.023 -12.66 0.345 -147.48
1.8 GHz 0.894 177.75 5.59 60.43 0.023 -14.19 0.352 -148.68
1.9 GHz 0.894 175.81 5.30 57.99 0.023 -15.65 0.358 -149.84
2.0 GHz 0.894 173.94 5.04 55.59 0.022 -17.05 0.365 -150.99
2.1 GHz 0.894 172.13 4.80 53.23 0.022 -18.39 0.372 -152.12
2.2 GHz 0.894 170.37 4.58 50.91 0.022 -19.67 0.379 -153.26
2.3 GHz 0.895 168.65 4.38 48.61 0.022 -20.90 0.386 -154.39
2.4 GHz 0.895 166.96 4.20 46.33 0.021 -22.08 0.393 -155.54
2.5 GHz 0.895 165.30 4.03 44.08 0.021 -23.20 0.400 -156.69
2.6 GHz 0.895 163.66 3.88 41.84 0.021 -24.27 0.407 -157.85
2.7 GHz 0.895 162.04 3.74 39.63 0.021 -25.28 0.414 -159.03
2.8 GHz 0.895 160.43 3.60 37.43 0.020 -26.25 0.420 -160.22
2.9 GHz 0.896 158.83 3.48 35.24 0.020 -27.16 0.427 -161.42
3.0 GHz 0.896 157.24 3.37 33.06 0.020 -28.02 0.433 -162.64
3.2 GHz 0.896 154.06 3.16 28.74 0.019 -29.57 0.446 -165.13
3.4 GHz 0.896 150.87 2.98 24.44 0.019 -30.88 0.457 -167.69
3.6 GHz 0.896 147.66 2.82 20.16 0.018 -31.95 0.468 -170.31
3.8 GHz 0.897 144.41 2.68 15.89 0.018 -32.76 0.478 -173.00
4.0 GHz 0.897 141.10 2.56 11.61 0.017 -33.30 0.488 -175.77
4.2 GHz 0.897 137.72 2.45 7.33 0.017 -33.55 0.497 -178.61
4.4 GHz 0.897 134.26 2.35 3.03 0.017 -33.50 0.505 178.47
4.6 GHz 0.897 130.71 2.26 -1.31 0.016 -33.18 0.512 175.46
4.8 GHz 0.896 127.06 2.17 -5.68 0.016 -32.58 0.518 172.36
5.0 GHz 0.896 123.30 2.10 -10.09 0.016 -31.74 0.524 169.16
5.2 GHz 0.896 119.42 2.04 -14.57 0.016 -30.72 0.529 165.86
5.4 GHz 0.896 115.41 1.98 -19.10 0.016 -29.60 0.534 162.44
5.6 GHz 0.896 111.26 1.92 -23.71 0.016 -28.46 0.537 158.89
5.8 GHz 0.895 106.97 1.87 -28.40 0.017 -27.41 0.540 155.20
6.0 GHz 0.895 102.53 1.82 -33.19 0.017 -26.54 0.543 151.36
Download this s-parameter file in “.s2p” format at http://www.cree.com/products/wireless_s-parameters.asp
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Typical Package S-Parameters for CGH40010
(Small Signal, VDS = 28 V, IDQ = 500 mA, angle in degrees)
Frequency Mag S11 Ang S11 Mag S21 Ang S21 Mag S12 Ang S12 Mag S22 Ang S22
500 MHz 0.914 -135.02 18.58 103.70 0.020 18.36 0.300 -126.80
600 MHz 0.909 -143.57 15.88 98.05 0.020 13.67 0.302 -133.51
700 MHz 0.906 -150.23 13.83 93.33 0.021 9.90 0.304 -138.40
800 MHz 0.904 -155.61 12.23 89.23 0.021 6.77 0.307 -142.08
900 MHz 0.903 -160.09 10.95 85.56 0.021 4.08 0.311 -144.94
1.0 GHz 0.902 -163.93 9.91 82.21 0.021 1.71 0.314 -147.23
1.1 GHz 0.901 -167.29 9.04 79.09 0.021 -0.41 0.319 -149.10
1.2 GHz 0.901 -170.29 8.31 76.15 0.021 -2.35 0.323 -150.69
1.3 GHz 0.900 -173.00 7.69 73.35 0.021 -4.12 0.328 -152.07
1.4 GHz 0.900 -175.50 7.15 70.66 0.021 -5.78 0.333 -153.29
1.5 GHz 0.900 -177.81 6.69 68.07 0.021 -7.32 0.338 -154.41
1.6 GHz 0.900 -179.98 6.27 65.54 0.021 -8.77 0.344 -155.44
1.7 GHz 0.900 177.96 5.91 63.08 0.020 -10.15 0.349 -156.43
1.8 GHz 0.899 176.00 5.59 60.67 0.020 -11.45 0.355 -157.38
1.9 GHz 0.899 174.12 5.30 58.30 0.020 -12.68 0.361 -158.30
2.0 GHz 0.899 172.31 5.04 55.97 0.020 -13.85 0.366 -159.22
2.1 GHz 0.899 170.54 4.80 53.67 0.020 -14.96 0.372 -160.14
2.2 GHz 0.900 168.83 4.58 51.40 0.020 -16.01 0.378 -161.06
2.3 GHz 0.900 167.15 4.39 49.16 0.019 -17.01 0.384 -161.99
2.4 GHz 0.900 165.49 4.21 46.94 0.019 -17.95 0.390 -162.93
2.5 GHz 0.900 163.87 4.04 44.73 0.019 -18.85 0.396 -163.88
2.6 GHz 0.900 162.26 3.89 42.54 0.019 -19.69 0.402 -164.86
2.7 GHz 0.900 160.66 3.75 40.37 0.019 -20.48 0.407 -165.85
2.8 GHz 0.900 159.08 3.62 38.21 0.019 -21.21 0.413 -166.86
2.9 GHz 0.900 157.51 3.50 36.05 0.018 -21.89 0.418 -167.89
3.0 GHz 0.900 155.93 3.39 33.91 0.018 -22.52 0.424 -168.95
3.2 GHz 0.900 152.79 3.18 29.65 0.018 -23.61 0.435 -171.12
3.4 GHz 0.900 149.64 3.00 25.40 0.017 -24.48 0.445 -173.38
3.6 GHz 0.900 146.45 2.85 21.17 0.017 -25.11 0.454 -175.73
3.8 GHz 0.900 143.23 2.71 16.93 0.017 -25.51 0.463 -178.17
4.0 GHz 0.900 139.94 2.58 12.69 0.017 -25.67 0.471 179.30
4.2 GHz 0.900 136.58 2.47 8.43 0.016 -25.60 0.479 176.67
4.4 GHz 0.899 133.14 2.38 4.15 0.016 -25.32 0.486 173.94
4.6 GHz 0.899 129.61 2.29 -0.17 0.016 -24.85 0.492 171.12
4.8 GHz 0.899 125.97 2.21 -4.53 0.016 -24.24 0.498 168.18
5.0 GHz 0.898 122.23 2.13 -8.94 0.016 -23.54 0.503 165.13
5.2 GHz 0.898 118.36 2.07 -13.41 0.016 -22.80 0.507 161.96
5.4 GHz 0.898 114.36 2.01 -17.95 0.017 -22.11 0.511 158.66
5.6 GHz 0.897 110.22 1.95 -22.56 0.017 -21.54 0.514 155.22
5.8 GHz 0.897 105.94 1.90 -27.26 0.018 -21.16 0.517 151.63
6.0 GHz 0.897 101.51 1.86 -32.04 0.019 -21.04 0.519 147.87
Download this s-parameter file in “.s2p” format at http://www.cree.com/products/wireless_s-parameters.asp
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Disclaimer
Specifications are subject to change without notice. Cree, Inc. believes the information contained within this data sheet 
to be accurate and reliable. However, no responsibility is assumed by Cree for any infringement of patents or other 
rights of third parties which may result from its use. No license is granted by implication or otherwise under any patent 
or patent rights of Cree. Cree makes no warranty, representation or guarantee regarding the suitability of its products 
for any particular purpose. “Typical” parameters are the average values expected by Cree in large quantities and are 
provided for information purposes only. These values can and do vary in different applications and actual performance 
can vary over time. All operating parameters should be validated by customer’s technical experts for each application. 
Cree products are not designed, intended or authorized for use as components in applications intended for surgical 
implant into the body or to support or sustain life, in applications in which the failure of the Cree product could result 
in personal injury or death or in applications for planning, construction, maintenance or direct operation of a nuclear 
facility. 
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www.cree.com/wireless
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